Conclusions-These results strongly suggest that biliary epithelia of larger intrahepatic ducts produce pancreatic a-amylase, lipase, and trypsin, and that these enzymes are secreted into the lumina of intrahepatic bile ducts.
It has become increasingly evident that intrahepatic bile ducts not only drain canalicular bile but also have a variety of functions including secretion and absorption of water and electrolytes,' secretion of mucous,2 secretion of IgA,3 secretion of lactoferrin and lysozyme,4 and presence of neuroendocrine hormones. 5 The degree of these functions varies with the anatomical segments and the type of bile duct. Recently, it has become evident that intrahepatic large bile ducts, septal bile duct, and peribiliary glands express immunoreactive pancreatic a-amylase, pancreatic lipase, and trypsin in normal human liver and in various hepatobiliary diseases. 8 However, it is unknown whether these pancreatic enzymes occur in hepatic bile.
Methods
Hepatic bile was collected from 25 patients with extrahepatic biliary obstruction (choledocholithiasis n = 10; extrahepatic bile duct carcinoma n = 6; pancreatic carcinoma n = 5; cholangiocarcinoma of hilar type n = 4). These patients had undergone percutaneous transhepatic catheter drainage to reduce obstructive jaundice. The 25 bile samples (each 10 ml) obtained from the catheter were immediately frozen and stored at -80°C until use.
Pancreatic a-amylase activity was measured using the Amylase Kit EPS (BoehringerMannheim Co. Ltd., Germany) which requires ethilidine-(G7)-1-4-nitrophenyl-(Gl)-a-D-maltohepaoside as the substrate.9 Pancreatic lipase activity was measured (Lipase Kit-VE, Nihon Shoji Ltd., Tokyo, Japan) according to the method of Imamura and Misaki.'0 Because trypsin inhibitor may be present in hepatic bile, trypsin was measured (ng/ml) using a radioimmunoassay kit (Ria-Gnost Trypsin II; Behring-Werke Co. Ltd., Marburg, Germany).
The protein concentration of bile samples was measured according to the method of Lowry et al.'I The bile samples containing 100 ,ug protein were solubilised at 100°C for five minutes in 50 ,l sample buffer (50 mM TRIS-HCI (pH 6 8), 2% sodium dodecyl sulphate (SDS), 10% 2-mercaptoethanol, 01% bromophenol blue, and 10% glycerol). Bile proteins were separated on 10% SDS polyacrylamide electrophoresis gels at 60 mnA for two hours at room temperature. The gels were then equilibrated for 30 minutes in transfer buffer (50 mM TRIS, 40 mM glycine, 0 04% SDS, and 30% methanol). Proteins were electrophoretically transferred on to nylon membranes (Immobiron PVDF Transfer Membrane; Daiichi Pure Chemicals, Ltd., Tokyo, Japan) at 120 mA for 60 minutes. The membranes were incubated in blocking buffer (phosphate buffered saline (PBS) containing 3% bovine serum albumin) for 12 hours at 4°C. For detection of pancreatic a-amylase, lipase, and trypsin, the membranes were incubated for 60 minutes at room temperature in mouse monoclonal antibody (IgG class) against human pancreatic a-amylase (Chemicon Inc., Tomecula, California, USA; dilution 1 in 100), mouse monoclonal antibody (IgG class) against human pancreatic lipase (Chemicon Inc.; dilution 1 in 100), or mouse monoclonal antibody (IgG class) against human trypsinogen-trypsin (Chemicon Inc.; dilution 1 in 100). After two washes in T-PBS (0 03% Tween 20 and PBS (pH7-2), the membranes were incubated for 60 minutes at room temperature with peroxidase labelled goat anti-mouse IgG (Dako Corporation, Santa Barbara, California, USA; dilution 1 in 1500) in T-PBS. After three washes in T-PBS the membranes were incubated at room temperature with development buffer (50 mM TRIS-HCl (pH7-2), 0-025% diaminobenzidine, and 0 075% hydrogen peroxide). As positive controls the same procedures were performed using human pancreatic a-amylase ( a-amylase, pancreatic lipase, and trypsintrypsinogen was present in the epithelial cells of the intrahepatic large bile ducts, septal bile ducts, and peribiliary glands in all cases (figs 3A-C). The lumina of the bile ducts and peribiliary glands were also positive for the three enzymes, and the luminal enzymes seemed to be secreted from the biliary epithelia (figs 3A-C). The immunoreactivities became negative with the absorption test. These enzymes were absent in interlobular bile ducts, bile ductules, and hepatocytes.
Discussion
In this study, the activities of the three enzymes were present in all bile samples from patients with extrahepatic bile duct obstruction, indicating that pancreatic a-amylase, pancreatic lipase, and trypsin are present in hepatic bile. The reason why the enzyme activities varied greatly according to the bile samples remains to be clarified.
Western blot analysis confirmed the presence of pancreatic a-amylase, pancreatic lipase, and trypsin proteins in the hepatic bile. However, there was a discrepancy between enzyme activity and results of western blot analysis: enzyme activities were present in all bile samples while proteins were detected in only 40-76% of samples by western blot analysis. The reason for this discrepancy may have been that the western blot technique is less sensitive than the biochemical techniques measuring enzyme activity because enzyme activities in bile samples evaluated with western blot signals were high whereas those in bile samples with no western blot signals were low.
This study has shown that immunoreactive pancreatic a-amylase, lipase, and trypsintrypsinogen occur in the epithelium of intrahepatic large bile ducts, septal bile ducts, and peribiliary glands in necropsy livers from patients with extrahepatic bile duct obstruction. The immunoreactivity became negative in the absorption test, suggesting that each immunostain is specific. This finding strongly suggests that epithelial cells in intra-hepatic large bile ducts, septal bile ducts, and peribiliary glands contain pancreatic a-amylase, pancreatic lipase, and trypsinogentrypsin. Of particular interest was that enzyme immunoreactivity seemed to be secreted from the biliary epithelium into bile duct lumina. Because these enzymes were detected in hepatic bile, these biliary epithelial cells are very likely to be the cellular source of the enzymes.
Finally, our experiment was confined to hepatic bile in patients with extrahepatic bile duct obstruction. We did not examine normal human hepatic bile, because it is very difficult or impossible to obtain normal human hepatic bile. It remains to be elucidated whether normal human hepatic bile contains pancreatic enzymes.
In conclusion, our data strongly suggest that the biliary epithelia of larger intrahepatic ducts produce pancreatic a-amylase, lipase, and trypsin, and that these enzymes are secreted into the lumina of intrahepatic bile ducts.
